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Abstract 
Investigations were carried out using a biofilter – a laboratory new generation air cleaning device with straight and wavy plates. 
Acetone, xylene and ammonia vapours were filtered through the biofilter’s packing material during the investigations. The 
biofilter’s structure is particular in that its packing material consists of polymer plates arranged vertically next to each other 
which produce a capillary effect of humidification. The plate-type structure of packing material with spaces (4±0.2 mm) between
the plates reduces the device’s aerodynamic resistance. After completing experimental research it can be stated that odour 
reduction was 5 to 10 % greater when a wavy structure was used. 
© 2015 The Authors. Published by Elsevier Ltd.  
Peer-review under responsibility of Riga Technical University, Institute of Energy Systems and Environment. 
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1. Introduction 
Clean and fresh air is one of the most important constituents of a clean and healthy environment. Clean air 
protects people from unpleasant odours that can adversely affect their daily activities or wellbeing. Odourants are 
various chemical compounds causing air pollution the permitted quantities of which are regulated by hygiene norms 
and laws. These regulatory documents determine chemical compounds the concentrations of which are undesirable, 
dangerous and harmful to people and the environment.  
Although atmospheric emissions of volatile organic compounds (VOCs) (acetone, xylene) are much lower 
compared to incineration products, such as CO2, CO, SO2 and NOX, VOCs have a much bigger influence on humans 
and the natural environment [1, 2, 3]. Also, since growing VOC quantities have a direct effect on climate change and 
are responsible for decrease of the ozone layer [4], the neutralisation of these pollutants is an important task in order 
to reduce their adverse effect on people and the surrounding environment. 
Regulatory documents (Lithuanian hygiene norms HN 121:2010 and HN 35:2007) regulate which chemical 
compounds have concentrations that are undesirable, dangerous and harmful to people and the environment. Yet, 
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despite the regulatory framework, air is polluted with volatile organic compounds due to insufficient control and 
inadequate preventive measures. Atmospheric emissions from industrial enterprises mainly consist of volatile 
organic compounds (VOCs), xylene and acetone, and ammonia which emanate unpleasant odours.  
Normally an individual can recognise around 1000 odours, while an assessor-odour panel member – from 10000 
to 17000. Odours in the air are measured by employing olfactometric techniques for analysing odourants. Chemical 
and physical analysis methods are used to determine the chemical composition of odours and the concentration of 
odourant in an air or water sample; however, since they cannot measure the ‘quality’ of odours, it is necessary to 
apply the method of olfactometry. Important elements describing an unpleasant sense and nuisance caused by odours 
are the character and stability of an odour [5, 6, 7]. Based on laboratory tests, odours can be divided by their 
intensity into: 1 OUE/m3 – odour detection threshold; 5 OUE/m3 – weak odour; 10 OUE m3 – strong odour. The 
recognition threshold, generally, reaches about 3 odour units.  
The conclusion is that the process of biofiltration is a simple and cost-effective technology for neutralising odours 
in supplied air polluted with volatile organic compounds [8, 9, 10, 2, 11].  Jeong et al. (2006) carried out 
experimental research using a two-stage biofilter for odour neutralisation. They have also determined 90 % 
efficiency in odour removal from the airflow [12]. Chinese scientists Liu et al. (2008) carried out experimental 
research into odour neutralisation using a biofilter and common volatile organic compounds and have found that the 
biofilter can abate odour intensity by 31.5 % to 84.8 % [13]. 
Odour intensity depends on the concentration of pollutant supplied to an air cleaning device – the higher the 
pollutant concentration, the stronger the odour. Odour strength is measured by European odour units, i.e.  OUE/m3.
Odour strength depends on the biofilter’s capacity to remove pollutants from the airflow. In order to achieve the 
most efficient removal of pollutants, the optimum biofilter operating conditions must be maintained. 
The aim of the work is to analyse and assess the impact of an air cleaning biofilter with a capillary system for 
packing material humidification on odour abatement using xylene, ammonia and acetone as odour-causing 
pollutants. Experiments were carried out using two different stands of laboratory biofilters and one biological 
packing material.  
2. Materials and methods 
A laboratory biofilter stand with plates having a straight and a wavy internal structure were used for experimental 
research (Fig. 2). These are polymer plates on which needle-punched nonwoven fabric (NPNF) and wood fibre 
(WF) are applied (Fig. 1). The biofilter’s internal structure is characterised in that the biomaterial on which 
microorganisms live and propagate was applied on straight and wavy plates arranged vertically at a 4±0.2 mm 
distance from each other and the effect of capillary humidification was created with the help of such arrangement.  
In order to extend the durability of the biomass, it was composed of thermally treated birch fibre and needle-
punched nonwoven fabric. The durability of the wood fibre is achieved through thermal processing of wood waste in 
a steam explosion reactor (at 32 bar pressure and 235°C temperature). Thus, changing the molecular structure of the 
wood will prevent wood fibre from rot in a humid medium, which will result in the extension of the durability of 
biofilter’s packing material. 
Fig. 1. Charge components: a - wood fiber, b - non-woven material. 
Laboratory biofilter operation principle 
Polluted air in biofilter (Fig.2) enters via a polluted air duct, 100 mm in diameter. Airflow through the biofilter is 
created by a ventilator (3) in the polluted air supply duct. The polluted air supply duct has a valve (2), which 
a                                         b 
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regulates airflow velocity. Then, the polluted airflow enters a biofilter cassette (16). By a perforated plate (15), the 
airflow is evenly distributed inside the entire volume of the packing material. Polluted air flows between porous 
plates which are submersed in a liquid medium and arranged at a 4±0.2 mm distance from each other. Having 
passed through the biofilter cassette (16) with the packing material, a clean airflow enters a cleaned air duct, 100 
mm in diameter, and is released to the environment. The cassette is fixed to the device by fixation elements (7). 
Sampling holes are made in polluted and cleaned air ducts. Airflow velocity and temperature and pollutant 
concentrations supplied to and discharged from the biofilter are measured at these points.  
Fig. 2. Laboratory biofilters stands: top - straight design, bottom-wavy design. 
Odour concentrations before and after cleaning are determined by a dynamic olfactometer AC’SCENT® 
International, which is an air mixing and dilution device used for measuring the threshold values of odorous 
samples. It mixes odorous air samples with clean air at exact selected dilution rates and delivers mixed air to the 
assessor (odour panellist). 
Operation
Each assessor (panel member) is supplied, through a breathing mask, with diluted sample air and with clean air 
after which the panellist assesses the odour. The dynamic olfactometer meets the requirements of standard EN 
13725:2004+AC 2006 – Air quality – Determination of odour concentration by dynamic olfactometry (European 
Union). Equally, the quality of odour tests is ensured by observing the requirements of standard EN 
13725:2004+AC: 2006. 
Air samples are taken with a vacuum chamber using the ‘lung’ method. Air from the chamber is removed with a 
special pump mounted therein by creating a vacuum inside the chamber. A sample container inside the chamber fills 
up with ambient air due to the vacuum formed in the chamber.  
The panel of assessors comprised five members during three-cycle measurements. The data of the first 
(preparatory) measurement cycle are always disregarded and only the data of the two subsequent cycles are used for 
calculation. When a forced choice method is applied, the members of the assessment panel indicate the place of the 
odourant (commenting on their choice – whether their indication of the place is based on a guess, or on 
presupposition, or conviction). A sample volume required for analysis – 2.5 litres, as there are five assessors (panel 
members), the time of odour sniffing – 3 seconds and a flow – 20l/min [14]. 
Calculating odour intensity 
The geometric means of dilutions are calculated for all (14) channels. The geometric means of individual 
threshold estimates ZITE are calculated for cycles 2 and 3. The first retrospective screening is applied. The 
retrospective screening was performed on the basis of the ratio between parameter ǻZ, individual threshold estimate 
ZITE and the geometric mean of all individual threshold estimates ത୍୘୉:
If   ܼூ்ா ൒  ҧܼூ்ா,    it       ο ൌ
୞౅౐ు
୞ഥ౅౐ు
                                (1) 
and if ܼூ்ா ൏  ҧܼூ்ா,   it   ο ൌ െ
୞ഥ౅౐ు
୞౅౐ు
                    (2) 
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If it becomes clear that the ǻZ value of any panellist is outside the limits of the criterion -5 ǻZ5, then the 
response given by the panellist with the highest value of ǻZ is eliminated. The second retrospective screening is 
carried out and after ǻZ check all values must be within ± 5 interval. 
Odour concentration Cod is calculated for the analysed sample: 
Cod = ത୍୘୉ǡ୮ୟ୬· 1 OUE/m
3                           (3) 
3. Results and discussion 
This chapter presents experimental research results which were obtained using biofilter stands having a straight 
and a wavy internal structure, odour intensity before and after treatment in the cleaning device and the air cleaning 
efficiency of the biofilter. A research method error is 36 %. It is represented in each chart given below which shows 
obtained field research results. Samples necessary for analysing pollutant odours from a straight biological packing 
material of wood fibre (WF) and needle-punched nonwoven fabric (NPNF) are taken near polluted air ducts for 
polluted air and for cleaned air. Then, the samples are analysed by the olfactometer.  
As the chart below (Fig. 3a) shows, the biggest number of odour units (6 OUE/m3) was found in an air sample 
with the highest concentration of acetone (175 ppm) before cleaning. The value of odour units in the same air 
sample after cleaning at (17 ppm) concentration fell to 3 OUE/m3. As it could be expected, the smallest number of 
odour units (2 OUE/m3) was determined in an air sample with the weakest concentration of acetone (5 ppm) after 
cleaning. The value of odour units in the same air sample before cleaning at (28 ppm) acetone concentration reached 
5 OUE/m3. A comparison of odour intensity abatement percentages before and after cleaning has shown that the 
percentage in air sampling 1 reached 50 %, air sampling 2 – 40 % and sampling 3 – 60 %. 
                                                        a                                                                                                                       b 
c
Fig. 3. Pollutant vapours contaminated air odour intensity dependence on the supply of contaminant vapour concentrations (straight design 
plates): a – acetone, b – xylene, c – ammonia 
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Figure 3b shows the dependence of odour intensity on the xylene vapour concentration. The largest number of 
odour units (5 OUE/m3) was found in an air sample with the biggest xylene concentration (178 ppm) before 
cleaning. The value of odour units in the same air sample after cleaning at a xylene concentration of (18 ppm) 
decreased to 3 OUE/m3. As it could be expected, the smallest number of odour units (2 OUE/m3) was detected in an 
air sample with the weakest concentration of xylene (6 ppm) after cleaning. The value of odour units in the same air 
sample before cleaning at (30 ppm) xylene concentration reached 4 OUE/m3.
A comparison of the values of odour units (OUE/m3) for acetone and xylene pollutants has shown that the 
strength of acetone odour at similar concentrations is slightly bigger than that of xylene (approximately by 0.83 
times). The strength of odours in all three air samples is directly proportionate to an increase in the concentration of 
an ambient air sample. A comparison of odour intensity abatement percentages before and after cleaning has shown 
that in air sampling 1 it stood at 50 %, air sampling 2 – 50 %, and air sampling 3 – 50 %. As the presented chart 
(Fig. 3c) shows, the biggest number of odour units (6 OUE/m3) was found in an air sample with the highest 
ammonia concentration (181 ppm) before cleaning. A comparison of the same air sample after cleaning at (17 ppm) 
ammonia concentration has shown that the value of its odour units fell to 4 OUE/m3. As it could be supposed, the 
smallest number of odour units (2 OUE/m3) was traced in an air sample with the weakest concentration of ammonia 
(6 ppm) after cleaning. The value of odour units in the same air sample before cleaning at (32 ppm) ammonia 
concentration was 4 OUE/m3. A comparison of odour intensity abatement percentages before and after cleaning has 
shown that in air sampling 1 it reached 33.3 %, air sampling 2 – 50 % and in 3 – 50 %. In summary of the intensity 
of pollutant odour in a straight biomaterial with WF (wood fibre) and NPNF (needle-punched nonwoven fabric), it 
can be stated that at similar concentrations the odour strength of ammonia is significantly bigger than that of acetone 
or xylene. In comparison to xylene and acetone, the odour strength of ammonia is, on average 1.2 times larger, 
which results in its stronger sense in the environment surrounding the biofilter. 
a                                                                                                                      b 
c
Fig. 4. Pollutant vapours contaminated air odour intensity dependence on the supply of contaminant vapour concentrations (wavy design plate a – 
acetone, b – xylene, c – ammonia.  
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As the presented chart (Fig. 4a) shows, the largest number of odour units (6 OUE/m3) was established in an air 
sample with the highest concentration of acetone (179 ppm) before cleaning. The value of odour units in the same 
air sample after cleaning at an acetone concentration of (17 ppm) fell to 3 OUE/m3. As it could be supposed, the 
smallest number of odour units (2 OUE/m3) was determined in an air sample with the weakest concentration of 
acetone (5 ppm) after cleaning. The value of odour units in the same air sample before cleaning at (28 ppm) acetone 
concentration was 5 OUE/m3.
A comparison of odour intensity abatement percentages before and after cleaning has shown that in air sampling 
1 it stood at 50 %, air sampling 2 – 40 % and in air sampling 3 – 60 %. 
As the presented chart (Fig. 4b) shows, the largest number of odour units (5 OUE/m3) was found in an air sample 
with the highest xylene concentration (175 ppm) before cleaning. The value of odour units in the same air sample 
after cleaning at a xylene concentration of (18 ppm) fell to 3 OUE/m3. As it could be expected, the smallest number 
of odour units (2 OUE/m3) was detected in an air sample with the weakest concentration of xylene (6 ppm) after 
cleaning. The value of odour units in the same air sample before cleaning at (30 ppm) xylene concentration reached 
4 OUE/m3.
The comparison of odour unit (OUE/m3) values for acetone and xylene has shown that at similar concentrations, 
the strength of the acetone odour is slightly larger than that of xylene (approximately by 0.78 times). The strength of 
odour in all three air samples is directly proportionate to an increase in concentration in ambient air samples. A 
comparison of odour intensity abatement percentages before and after cleaning has shown that the first air sampling 
it reached 40 %, in the second – 50 % and in the third – 50 %. 
As the presented chart (Fig. 4c) shows, the biggest number of odour units (6 OUE/m3) was recorded in an air 
sample with the highest ammonia concentration (180 ppm) before cleaning. The value of odour units in the same air 
sample after cleaning at (18 ppm) ammonia concentration fell to 4 OUE/m3. As it could be expected, the smallest 
number of odour units (3 OUE/m3) was traced in an air sample with the lowest concentration of ammonia (6 ppm) 
after cleaning. The value of odour units in the same air sample before cleaning at (32 ppm) ammonia concentration 
reached 5 OUE/m3.
4. Conclusions 
Based on the performed tests, it has been determined that when a straight-structure biofilter was used, 4 to 6 
OUE/m3 (odour units) formed before biofiltration and from 2 to 3 OUE/m3 – after biofiltration. As regards an odour 
intensity abatement percentage before and after cleaning, it was from 33 to 60 %. When a biofilter with wavy plates 
on which packing material was applied was used, 4 to 7 OUE/m3 were found before biofiltration, and 2 to 4 OUE/m3
– after biofiltration, and the obtained odour intensity abatement was from 40 to 60 %. Based on performed 
experimental research, it can be stated that odour reduction was 5 to 10 % higher when a wavy structure was used. 
The abatement of odour intensity depends on the concentration of pollutant vapour before a cleaning device and on 
other parameters during the process of biofiltration.
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